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METHOD FOR DETERMINING AN INITIAL 
POSITION IN A NAVIGATION SYSTEM 

[0001] This application claims priority under 35 U.S.C. § 
119 to an application entitled “Method for Determining an 
Initial Position in a Navigation System” ?led in the Korean 
Intellectual Property Of?ce on Feb. 16, 2005 and assigned 
Serial No. 2005-12732, the contents of Which are incorpo 
rated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention generally relates to a method 
for determining a position of a mobile communication 
terminal, and more particularly relates to a method for 
determining an initial position in a personal navigation 
system using global positioning system (GPS) satellites to 
reduce a radio positioning error and to improve positioning 
accuracy in radio positioning for determining a position of 
a mobile communication terminal. 

[0004] 2. Description of the Related Art 

[0005] Conventionally, a navigation system is mounted in 
a vehicle to determine its position and provide an optimum 
route to a desired destination. This navigation system con 
ventionally determines a position of a vehicle using a global 
positioning system (GPS). 

[0006] Currently, the GPS satellite navigational system 
includes 24 satellites orbiting the Earth at an altitude of 
about 20.183 Km. GPS satellite navigation systems deter 
mine a position of a GPS receiver at a desired position by 
computing a time taken to receive radio Waves (hereinafter 
called a GPS signals) transmitted by the GPS Which are 
received by a GPS receiver. 

[0007] Accordingly, conventional automotive GPS navi 
gation systems include a GPS receiver and a GPS sensor 
mounted at a predetermined position on a vehicle equipped 
With the GPS navigation system. These navigation systems 
determine a vehicle’s position by analyZing GPS signals 
received from four satellites. HoWever, there are various 
positioning error factors to take into consideration When 
determining a vehicle’s position. These error factors include 
an ionospheric delay error, a satellite clock error, multipath 
error, and so on. Speci?cally, GPS navigation systems 
compute an arrival time of a radio Wave from a satellite to 
the receiver, and computes a position therefrom. When a 
GPS signal is interrupted or re?ected by an object (e.g., tall 
building, a roadside tree, etc.) Which is typical in a metro 
politan area, the GPS signal usually cannot be accurately 
received, and GPS positioning errors increases. 

[0008] A positioning error included in the GPS signal is 
about 5 m. Position error estimation on a tWo-dimensional 

plane is performed through a multiplication operation on a 
GPS signal and a horiZontal dilution of precision (HDOP) 
value computed using a satellite constellation. Convention 
ally, the HDOP value is 2 to 3 When a high accuracy feature 
is absent. In this case, a position error in the range of 10 to 
15 m can be estimated. The HDOP value may increase to 4 
or more When a GPS receiver cannot receive a direct GPS 

signal transmitted from a satellite (due to an object blocking 
the GPS signal, etc.) and instead receives GPS signals from 
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other more distant satellites. In this case, the position error 
increases to a value in the range of 20 to 30 m. 

[0009] Because vehicles typically travel on mapped roads 
GPS vehicle navigation systems can match an initial posi 
tion to a position on a given road by referring to a map 
database (DB) even though a position error is about 30 m. 
Because distances betWeen roads can typically exceed 30 m, 
a GPS position error does not affect an initial position 
determination. HoWever, in the case of a pedestrian Walking 
on a sideWalk for example, tWo sideWalks Which are adja 
cent to and located on both sides of a road a personal 
navigation system (PNS) therefore cannot accurately deter 
mine Which sideWalk of tWo sideWalks the person is Walking 
on if the distance betWeen the road centerline and the 
sideWalk is about 20 m and if a position error is about 30 m. 

[0010] The above-described example Will be described 
With reference to FIG. 1 Which illustrates an example in 
Which an error in the conventional initial position determi 
nation occurs due to a GPS positioning error. 

[0011] The pedestrian is present on the sideWalk 10. An 
example in Which an object 20 (e.g., a tall building, a 
roadside tree, etc.) is located adjacent to the sideWalk 10 Will 
be described. In this case, the distance betWeen a road 
centerline 40 and a sideWalk 10 or a sideWalk 60 is con 
ventionally about 20 m. 

[0012] In FIG. 1, ifthe object 20 (e.g., a tall building, etc.) 
is located adjacent to the pedestrian When an initial position 
of the pedestrian is measured, a GPS signal from a satellite 
may be re?ected or diffracted by the feature 20. Accordingly, 
because the signal is not a direct signal, a position error of 
a GPS receiver increases. When the position error has a 
radius of about 30 m or more from the pedestrian, it can be 
determined that the pedestrian is located at a position as 
indicated by reference numeral 50. Because the position 50 
is present betWeen the road centerline 40 and the sideWalk 
60, the position of the pedestrian is actually measured near 
the sideWalk 60 opposite to the sideWalk 10. The PNS 
determines that the pedestrian is located on the opposite 
sideWalk 60, and determines an initial position based on the 
sideWalks 60 location. 

[0013] Thus, using a conventional PNS system, When the 
pedestrian Walks on a sideWalk adjacent to a tall building 
etc.), a position error may occur due to object interference, 
and a PNS the may erroneously determine that the pedes 
trian is located on an opposite sideWalk rather than on a 
target sideWalk When an initial position is determined Which 
can inconvenience the user. When the initial position of the 
pedestrian is matched to the opposite sideWalk rather than 
the target sideWalk, a large error occurs in a route guidance 
function and the quality of route guidance service is 
degraded. 

SUMMARY OF THE INVENTION 

[0014] It is, therefore, an aspect of the present invention to 
provide a method that can reduce a positioning error and 
improve a positioning accuracy When an initial position of a 
pedestrian is determined. 

[0015] It is another aspect of the present invention to 
provide a method that can improve the quality of route 
guidance service by accurately measuring an initial position 
using global positioning system (GPS) information in a 
metropolitan area. 
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[0016] It is yet another aspect of the present invention to 
provide a method for determining a positioning error due to 
an obstacle to a radio Wave using a satellite constellation and 
a signal intensity based on global positioning system (GPS) 
information, and determining an initial position of a pedes 
trian. 

[0017] The above and other aspects of the present inven 
tion can be achieved by a method for determining an initial 
position in a navigation system, computing a total number of 
global positioning system (GPS) satellites using a GPS 
signal intensity greater than a threshold value, determining 
a number of GPS satellites of each region of a plurality of 
regions, from Which signals are received, When an area is 
divided into tWo regions With respect to a road centerline; 
and determining an initial position according to a compari 
son result based on the number of GPS satellites in each 
region. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The above and other aspects and advantages of the 
present invention Will be more clearly understood from the 
folloWing detailed description taken in conjunction With the 
accompanying draWings, in Which: 

[0019] FIG. 1 is a diagram illustrating an example in 
Which an error of an initial position determination occurs 
due to a global positioning system (GPS) positioning error 
in a conventional personal navigation system (PNS); 

[0020] FIG. 2 illustrates a system for providing a personal 
navigation service in accordance With an embodiment of the 
present invention; 

[0021] FIG. 3 illustrates an example in Which a pedestrian 
located on a sideWalk adjacent to a tall building receives a 
GPS signal in accordance With an embodiment of the present 
invention; 
[0022] FIG. 4 is a perspective vieW illustration of a road 
illustrating a process for computing the number of GPS 
satellites in regions into Which an area is divided on the basis 
of the road in accordance With an embodiment of the present 
invention; and 

[0023] FIG. 5 is a How chart illustrating a process for 
determining an initial position of a pedestrian in accordance 
With an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0024] Preferred embodiments of the present invention 
Will be described in detail herein beloW With reference to the 
accompanying draWings. In the draWings, the same or 
similar elements are denoted by the same reference numerals 
even though they are depicted in different draWings. In the 
folloWing description, detailed descriptions of functions and 
con?gurations incorporated herein that are Well knoWn to 
those skilled in the art are omitted for clarity and concise 
ness. 

[0025] The present invention implements a function for 
identifying a current position of a user and providing route 
information for a desired destination. Accordingly, a mobile 
communication terminal in Which a navigation system is 
mounted in accordance With the present invention accurately 
determines an initial position using a global positioning 
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system (GPS) satellite constellation and a GPS signal inten 
sity. In accordance With the present invention, a personal 
navigation service With an improved accuracy can be pro 
vided. 

[0026] The components and operations of a system for 
providing the personal navigation service in Which the 
above-described function is implemented Will be described 
With reference to FIG. 2 Which is a block diagram illustrat 
ing a system for providing the personal navigation service in 
accordance With an embodiment of the present invention. 

[0027] Referring to FIG. 2, a navigation system for deter 
mining a position of a portable personal navigation system 
(PNS) 200 and providing an optimum route to a desired 
destination is mounted and used in the PNS 200 carried by 
user (e. g., a pedestrian). PNS 200 conventionally determines 
its position using GPS signals received from GPS satellites 
(e.g., 210, 220, 230 and 240). 

[0028] Because the portable PNS 200 can receive geo 
graphic information from a route guidance server 260 When 
the pedestrian carries the portable PNS 200, it can display a 
position of the pedestrian carrying the PNS 200 on a map. 
The PNS 200 can display a map of an area based on a current 

position of the PNS 200 and simultaneously providing 
information about the shortest distance to a desired desti 
nation. For this, the PNS 200 includes map data stored 
therein (or doWnloaded from an external source) and a GPS 
receiver (not shoWn) for measuring a position of the PNS 
200. The PNS 200 measures its position using GPS signals 
received from GPS satellites 210, 220, 230 and 240, and 
displays, to its user (e.g., the pedestrian), a map ofa speci?c 
area based on a reference point corresponding to the mea 
sured position. Methods for providing a pedestrian route 
guidance function using the navigation system include stor 
ing map data in a memory Within the PNS and outputting a 
map based on a Walking route; and a receiving data stored 
in the route guidance server 260 from a base station 250 
Wirelessly and outputting the received data. 

[0029] First, a GPS method used in the present invention 
Will be brie?y described. 

[0030] To determine an initial position in the PNS, the 
GPS method is Widely used. A user may designate and/or 
determine an initial position on the map using a touch screen 
or direction key. Alternatively, the user may accurately 
determine an initial position by inputting information about 
a main point. A GPS used to receive GPS satellite informa 
tion and to then compute an absolute position regardless of 
a region is essential to automatically determine the initial 
position. HoWever, because the GPS computes a position 
using an arrival time of a GPS signal from a GPS satellite to 
the user, the accuracy of the initial position determination is 
reduced When a signal is interrupted or re?ected by an object 
(e.g. tall building, etc.). Accordingly, a need exists for an 
algorithm capable of accurately determining Which side of 
the road or sideWalk the user is located on even though the 
user is located near a tall building or other blocking feature. 

[0031] FIG. 3 is a block diagram illustrating an example 
in Which a user located on a sideWalk adjacent to a tall 
building receives a GPS signal in accordance With an 
embodiment of the present invention. 

[0032] When the user carrying a PNS is located on a 
sideWalk adjacent to an object 120, i.e., a position as 
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indicated by reference numeral 110, as illustrated in FIG. 3, 
GPS signals from GPS satellites 130, 131 and 132 can be 
directly transmitted to a GPS receiver of the portable PNS 
Without being blocked by any objects. However, GPS sig 
nals from the GPS satellites 141, 142 and 143 are obstructed 
by the object 120 (i.e. tall building) and only some of the 
GPS signals are transmitted and the remainder are re?ected 
or otherWise blocked and/or attenuated. Accordingly, all the 
GPS signals from all of the satellites shoWn (i.e., 130, 131, 
132, 141, 142 and 143) are not received by the PNS. A GPS 
signal of the GPS satellite 141 is re?ected by an opposite 
object 122 and may be transmitted to the portable PNS. In 
this case, because the signal intensity is reduced up to 10 dB, 
the PNS can determine that the GPS signal of the GPS 
satellite 141 is an obstructed radio Wave. 

[0033] When the user Walks on one of the sideWalks 
located adjacent to a road, an area must be divided on the 
basis of a road’s centerline 150 (or other such locator) such 
that an initial position of the pedestrian can be determined. 
In this case, the PNS refers to a map database storing 
information about the layout of a road to divide an area in 
Which the PNS is located into tWo regions (i.e., region-1160 
and region-2170) on the basis of the road’s centerline 150. 
In alternative embodiments, other references can be substi 
tuted for the road’s centerline. 

[0034] When the area is divided into region-1160 and 
region-2170 on the basis of the road’s centerline 150 
through the above-described method, the PNS can divide 
GPS satellites into tWo groups according to the regions 160 
and 170. The PNS can determine Which sideWalk the pedes 
trian Walks on, by comparing the number of GPS satellites 
of signals received from the region-1160 With the number of 
GPS satellites of signals received from region-2170. 

[0035] Next, a process for computing the number of GPS 
satellites associated With each region Will be described. The 
process for computing the number of GPS satellites associ 
ated With regions classi?ed on the basis of the road in 
accordance With an embodiment of the present invention 
Will be described With reference to FIG. 4. 

[0036] First, the number of GPS satellites is computed by 
selecting associated GPS satellites from Which the PNS 
receives GPS signals of more than a predetermined intensity. 
Accordingly, the PNS sets a minimum value SNR_min of an 
intensity (or signal to noise ratio (SNR)) of a GPS satellite 
signal directly transmitted to the GPS receiver and then 
detects the GPS signal intensity received from each GPS 
satellite. The PNS then compares the received GPS signal 
intensity (or SNR) With the minimum GPS signal intensity 
SNR_min. The PNS ?rst selects a satellite With the GPS 
signal intensity (or SNR) greater than the minimum GPS 
signal intensity SNR_min through a comparison process. 
Through this process, the PNS can compute the total number 
of GPS satellites With the signal intensity greater than the 
minimum GPS signal intensity SNR_min. The total number 
of GPS satellites from Which the PNS receives signals With 
more than the predetermined intensity is set to N. 

[0037] For the sake of clarity, it is assumed that the 
number of GPS satellites 130, 131, 132, and 141 With the 
signal intensity greater than the minimum GPS signal inten 
sity SNR_min is 4. 

[0038] A GPS satellite constellation and the PNS’s posi 
tion can be represented on the tWo-dimensional plane as 
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illustrated in FIG. 4. As illustrated in FIG. 4, a GPS 
satellites are arranged in each region 160 and 170 as shoWn. 
The present invention proposes a method for determining 
hoW many GPS satellites are arranged in region-1160 and 
region-2170 into Which an area is divided With respect to the 
road’s centerline 150. 

[0039] A clockWise angle to the road With respect to a 
predetermined position such as due North (N) on the tWo 
dimensional plane is set to Road_angle 1, and a clockWise 
angle to an associated GPS satellite With respect to a 
predetermined position such as due North, i.e., an aZimuth 
angle, is set to Sat_angle such that the number of GPS 
satellites can be computed for region-1160. The number of 
GPS satellites for region-1160 and region-2170 can be 
computed using Equation (1 beloW. 

[0040] In Equation (1), N_region 1 denotes the number of 
satellites for region-1160, and N_region 2 denotes the num 
ber of satellites for region-2170. Because the total number of 
GPS satellites N from Which the PNS receives signals is 
already knoWn, N_region 2 is computed by subtracting 
N_region 1 from the total number of GPS satellites, hence. 

(a) Niregion l=Number of GPS satellites When Road 
iangle l<Saliangle<Roadiangle l+l80 degrees; and 

(b) Niregion 2=N—Niregion l 

[0041] Referring to FIG. 4, the number of GPS satellites 
for Region 1 can be computed as folloWs. In FIG. 4, aZimuth 
angles for GPS satellites 130, 131 and 132 are Sat_angle 1, 
Sat_angle 2, and Sat_angle 3, respectively, and Road_angle 
1+l80 degrees=Road_angle 2 at a clockWise angle to the 
road’s centerline 150. Here, The Road_angle 1 is a ?rst 
angle at the clockWise angle to the road on due north basis. 

[0042] To determine a region in Which the GPS satellite 
132 is located, the PNS determines if the aZimuth angle 
Sat_angle 1 for the GPS satellite 132 is present betWeen 
Road_angle 1 and Road_angle 2. If the aZimuth angle 
Sat_angle 1 for the GPS satellite 132 is greater than Road 
_angle 1 and less than Road_angle 2, the PNS determines 
that the GPS satellite 132 is located in Region-1160. If the 
aZimuth angle Sat_angle 2 for the GPS satellite 132 is 
greater than Road_angle 1 and less than Road_angle 2, the 
PNS determines that the GPS satellite 132 is located in 
Region-1160. Likewise, if the aZimuth angle Sat_angle 3 for 
GPS satellite 130 is greater than Road_angle 1 and less than 
Road_angle 2, the PNS determines that the GPS satellite 130 
is located in region-1160. When the aZimuth angle for the 
GPS satellite 141 i.e., Sat_angle 4, the aZimuth angle 
Sat_angle 4) is not betWeen Road_angle 1 and Road_angle 
2, the PNS determines that the GPS satellite 141 is not 
located in Region-1160 and is therefore in another region 
i.e., region-2170. 
[0043] It can be found that the GPS satellites 130, 131 and 
132 are located in region-1160 through the above-described 
method. When a value of 3 representing the number of GPS 
satellites in region-1160 is subtracted from a value of 4 
representing the total number of GPS satellites from Which 
the PNS receives signals, the number of GPS satellites in 
region-2170 is equal to l and hence it is determined that 
region-1170 has only one satellite (i.e., 140). Accordingly, 
because N_region 1>N_region 2, it can be determined that 
a signal received from a satellite in one direction distin 
guished on the basis of the road is interrupted. A comparison 
result betWeen the tWo regions must be used to determine 

Equation (1) 
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Which sidewalk the pedestrian is located on. When the 
number of satellites in a region With a larger comparison 
value is at least 3, the initial position is determined. Because 
N_region 1 and N_region 2 are equal to 3 and 1, respec 
tively, N_region 1>N_region 2. The minimum number of 
GPS satellites in region-1 is greater than or equal to 3. As a 
result, it is determined that the initial position of the pedes 
trian is a sideWalk of region-2170 With respect to the road. 
The PNS can provide the user (e.g., pedestrian) With a 
Walking route guidance service. 

[0044] Another embodiment of the present invention can 
limit the above-described method to increase an initial 
position determination probability. When an estimated posi 
tion error value exceeds the distance betWeen a road’s 
centerline and an adjacent sideWalk after a position error of 
the user is estimated using the conventional horiZontal 
dilution of precision (HDOP) method, an initial position 
determination method can be applied using the GPS signal 
intensity and the GPS satellite constellation. In this case, the 
distance betWeen the road’s centerline and the, sideWalk can 
be computed on the basis of the number of lanes of the road. 
The number of lanes of the road is stored in the map 
database. 

[0045] Next, the control How for determining an initial 
position of the pedestrian in accordance With an embodiment 
of the present invention Will be described With reference to 
FIG. 5. FIG. 5 is a How chart illustrating a process for 
determining an initial position of a pedestrian in accordance 
With an embodiment of the present invention. 

[0046] First, the PNS measures a GPS signal intensity in 
step 500. Then, the PNS proceeds to step 505 to determine 
if the measured GPS signal intensity is greater than a 
threshold value representing the minimum signal intensity. 
If the measured GPS signal intensity is greater than the 
threshold value, the PNS proceeds to step 510 in Which an 
associated GPS satellite With a GPS signal intensity greater 
than the threshold value is selected and the total number of 
satellites from Which the PNS receives signals is set to N. 
The PNS proceeds to step 515 to divide an area into region-1 
and region-2 With respect to a road’s centerline. In step 520, 
the PNS computes Road_angle representing an angle to the 
road With respect to due North (or another preselected 
position) on a tWo-dimensional plane. In step 525, the PNS 
computes an aZimuth angle Sat_angle for the selected GPS 
satellite. In step 530, the PNS determines if an aZimuth angle 
Sat_angle for each GPS satellite is in the range betWeen 
Road_angle and Road_angle+l80 degrees such that the 
number of GPS satellites is computed for one of the tWo 
regions into Which the area is divided With respect to the 
roads centerline. In this case, one region is determined using 
a road angle, and an angle for the one region is greater than 
the road angle and less than the (road angle+l80 degrees). 

[0047] If it is determined that a GPS satellite With 
Sat_angle in the range betWeen Road_angle and Road 
_angle+l80 degrees is located in Region 1, the PNS deter 
mines the number of GPS satellites in Region 1 and sets the 
number of satellites in Region 1 to N_region 1 in step 535. 
Then, the PNS proceeds to step 540 to compute the number 
of GPS satellites in Region 2. Because the total number N 
of GPS satellites from Which the PNS receives signals is 
already knoWn, N_region 2 representing the number of GPS 
satellites in Region 2 is obtained by subtracting N_region 1 

Aug. 17,2006 

from the total number N of GPS satellites. When N_region 
1 and N_region 2 are computed, the PNS proceeds to step 
545 to compare N_region 1 With N_region 2. Then, the PNS 
proceeds to step 550 to determine an initial position accord 
ing to a comparison result. In more detail, When the number 
of GPS satellites in one region is greater than that in the 
other region in the comparison result, it is determined that 
the user (e.g., the pedestrian) is located on a sideWalk 
opposite to the region in Which the number of GPS satellites 
is greater. In this case, the greater number of GPS satellites 
in the associated region must be at least 3. 

[0048] The present invention provides convenience for a 
pedestrian by accurately determining an initial position of 
the pedestrian and performing a route search and Walking 
route guidance. Moreover, the present invention can deter 
mine Which of the sideWalks adjacent to a given street a 
pedestrian is located on, using a GPS satellite constellation 
and a GPS signal intensity. Accordingly, a Walking route 
service can be accurately provided to the pedestrian even 
When a pedestrian crossing or subWay is present on a given 
route. 

[0049] Although preferred embodiments of the present 
invention have been disclosed for illustrative purposes, 
those skilled in the art Will appreciate that various modi? 
cations, additions, and substitutions are possible, Without 
departing from the scope of the present invention. Therefore, 
the present invention is not limited to the above-described 
embodiments, but is de?ned by the folloWing claims, along 
With their full scope of equivalents. 

What is claimed is: 
1. A method for determining an initial position in a 

navigation system, comprising the steps of: 

computing the total number of global positioning system 
(GPS) satellites from Which a received GPS signal 
intensity greater than a threshold value; 

computing the number of GPS satellites located With in at 
least region of tWo regions from the total number of the 
GPS satellites; and 

determining an initial position of the navigation system 
according to a comparison result based on the number 
of GPS satellites in each of the at least tWo regions. 

2. The method of claim 1, Wherein the step of determining 
the initial position comprises the steps of: 

comparing values representing the number of GPS satel 
lites in each of the at least tWo regions; and 

determining that the initial position is located in a region 
having the greatest value in the comparison result. 

3. The method of claim 2, Wherein the number of GPS 
satellites computed for the region having the greatest value 
is at least 3. 

4. The method of claim 1, Wherein the step of computing 
the number of GPS satellites, comprises the steps of: 

referring to a map database and dividing an area into tWo 
regions With respect to a road’s centerline; 

computing an angle to a road and an aZimuth angle to 
each GPS satellite With respect to due North; 

setting a range for each region using the computed road 
angle; 
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determining if the computed azimuth angle to each 
GPS satellite is included in the range for a corre 
sponding region; and 

determining that a GPS satellite is located in a given 
region if the computed aZimuth angle for a corre 
sponding GPS satellite is included in the range of a 
corresponding region for the given region. 

5. The method of claim 3, Wherein one of the tWo regions 
has a range de?ned by an angle Which is greater than the ?rst 
angle and less than the ?rst angle+l80 degrees. 

6. The method of claim 4, Wherein the step of determining 
if the computed aZimuth angle to each GPS satellite is 
included in the range for a given region includes determin 
ing if the computed aZimuth angle of each corresponding 
GPS satellite is greater than the computed road angle and 
less than the road angle+l80 degrees. 
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7. The method of claim 1, further comprising the steps of: 

estimating a position error using a horizontal dilution of 
precision (HDOP); 

determining if a value of the estimated position error 
exceeds a distance betWeen the road’s centerline and a 

sidewalk; and 

measuring a received GPS signal intensity if the estimated 
position error exceeds the distance betWeen the road’s 
centerline and the sideWalk. 

8. The method of claim 7, Wherein the distance betWeen 
the roads centerline and the sideWalk is computed on a basis 
of the number of lanes of the road stored in a map database. 


